Objectives Finance management skills deteriorate early on in dementia, and can influence the ability to maintain control over personal affairs. The aim of this study was to assess the contributions of different types of cognition and motor functioning to finance management. Design Cross-sectional analysis using secondary data Setting Community living Participants Baseline data from the Uniform Data Set from the National Alzheimer's Coordinating Centers were obtained and extracted up until December 2016. Measurements Measures on everyday functioning (Functional Assessment Questionnaire) and cognition (memory, executive functioning, and language), the Clinical Dementia Rating Scale, and questions on Parkinsonian motor symptoms (gait disturbance, falls, tremors, slowness) were included. Data were analysed using bivariate correlation and linear regression analyses.
Introduction
Neurodegenerative conditions such as dementia are characterised by deteriorating skills in performing basic and instrumental activities of daily living (bADLs/IADLs). These include using the telephone and shopping, whilst deficits with some activities may have a greater negative impact on the well-being of patients or carers than others (Beerens et al., 2016; Devanand et al., 2017; Giebel et al., 2017) .
Finance management is one such IADL, and is frequently reported to be one of the first IADLs to deteriorate in dementia (Peres et al., 2008; Sudo & Laks, 2017) and subject to impairment in mild cognitive impairment also (Berezuk et al., 2017) . Financial abuse is unfortunately very common in older populations and in people with dementia, and has severe legal and financial ramifications (Manthorpe et al., 2012; Peisah et al., 2016) . Managing finances is one of the few daily activities which has been broken down into subtasks. In particular, the Financial Capacity Instrument (Marson et al., 2000) first deconstructed finance management into six domains, including basic monetary skills; financial conceptual knowledge; cash transactions; chequebook management; bank statement management; and financial judgment. Griffith and colleagues (2003) added three further domains of bill payment; investment decision-making; and asset knowledge. Basic monetary skills and asset knowledge remain the best maintained finance domains in mild dementia (Griffith et al., 2003; Marson et al., 2000) , with all other domains showing significant deteriorations early on.
Findings from a recent systematic review by Sudo and Laks (2017) corroborates this, as more basic financial capacity skills were more preserved in the early stages of dementia, yet moderate stages were marked by impairments in all finance domains.
For IADLs in general, there are a variety of factors that can contribute to poor functioning, with some factors more pronounced in some subgroups than others. Depression, physical limitations and motor functioning, environmental limitations, cognitive deficits, as well as apathy have all been associated with poor IADL performance (Knapskog et al., 2014; Martyr et al., 2014; Woodbridge et al., 2016; Zawacki et al., 2002) . Few studies have explored the predictors of individual activities however (Martyr et al., 2014; Moheb et al., 2017; Razani et al., 2011) , and particularly the individual types of cognitive deficits that may predict poor performance on an individual task, including different forms of memory, executive function, and attention. Within the literature, poor finance management has been found to be associated particularly with executive functioning deficits (Moheb et al., 2017; Razani et al., 2007) , highlighting the complex cognitive tasks involved when dealing with taxes, counting change, and paying bills, amongst others. Due to the established breakdown of finance management into subtasks, and increased levels of interest in understanding the predictors of individual IADLs, the next logical step is to explore whether and how different predictors contribute to the effective performance of individual subtasks. Considering the large number of different subtasks involved in finance management, it is possible that different factors, or the same factors but to different extents predict individual subtasks. By exploring these underpinning factors required for the successful performance of individual tasks, care management can translate these relationships into effective support strategies by focusing on the individual underlying predictors.
Motor function is another predictor of IADL functioning which varies across dementia subtypes. In Dementia with Lewy Bodies (DLB) for example, motor functioning is impaired to a greater extent than in Alzheimer's disease (AD) as part of the disease profile (McKeith et al., 2006) . Naturally, motor functioning is crucial for the efficacy and ease when performing everyday activities, such as driving or preparing a meal, although some tasks may be less influenced than others. Whilst the majority of evidence solely focuses on global IADL or ADL functioning (Cahn et al., 1998; de Paula et al., 2016; McKeith et al., 2006; Yoshii et al., 2016) , little research has emerged to date which compared the contributions of both cognitive and motor functioning to IADL and ADL performance in dementia. Cahn and colleagues (1998) for example reported that executive functioning, but not simple motor function, predicted IADL performance in people with Parkinson's disease dementia. On the other hand, simple motor function, but not executive function, predicted overall ADL performance. With individual IADLs, and ADLs, deteriorating at different rates (Peres et al., 2008) , it is important to understand the contributions of motor functioning to IADL independence for individual activities.
The objective of this study was to explore the predictors of finance management across different dementia subtypes in community-dwelling people with dementia with an informal caregiver. Whilst literature has highlighted the strong link between executive functioning and finance management, this study takes into consideration a range of potential predictors, including motor functioning, whilst also exploring two subtasks of finance management.
Understanding the predictors of reduced finance management skills in dementia may help in translating this knowledge into practice.
Method
Participants Data were obtained from the Uniform Data Set of the National Alzheimer's Coordinating Center (NACC), and were locked in December 2016 and extracted up to that date. Data were requested in August 2017 (ID request: 914). The Uniform Data Set collects routine data from 34 study centers across the USA. The entire data set included data from patients with either AD, behavioural-variant fronto-temporal dementia (bvFTD), DLB, corticobasal degeneration (CBD), or progressive supranuclear palsy (PSP) at baseline assessment only. The diagnoses were provided by clinicians at the 34 study centers. A diagnosis of AD was based on recommendations from the National Institute on Aging -Alzheimer's Association workgroups (McKhann et al., 2011) . A diagnosis of bvFTD was made based on the International Consensus Criteria for bvFTD (Raskovsky et al., 2011) . A diagnosis of DLB, CBD, or PSP was based on established criteria (Armstrong et al., 2013; Bensimon et al., 2009; Ferman et al., 2006) . For this study, only people with a diagnosis of dementia were included in the analysis (AD, bvFTD, DLB). Figure 1 shows the schematic overview of the data included in this study. Of the total 11,939 patients, 635 cases were excluded due to residency in a nursing home or other institutional setting. Of the 11,304 cases living in the community (in a single family residence; a retirement community; or in assisted living/ boarding home/ adult family home), 10,905 had an informal carer. Of those with informal carers, 10,806 had a CDR score between 0.5 and 3, determining their level of severity of dementia, and were included. Those with a score of 0 were excluded. After these criteria were applied, 9,383 cases were included in the final analysis (AD=8,201; bvFTD=796; DLB=386). People with a diagnosis of PSP (N=108), CBD (N=130), a mixed diagnosis (N=756), or a missing diagnosis (or diagnosis other than AD, bvFTD, DLB) were excluded from the analysis.
[insert here Figure 1]

Measures
The Functional Activities Questionnaire (FAQ) (Pfeffer et al., 1982) was used to measure the performance of 10 IADLs, including paying bills; managing taxes; shopping; hobbies; using kitchen appliances; meal preparation; remembering events; paying attention; remembering appointments; and travelling. The finance activity of paying bills also includes tasks of writing checks and balancing a checkbook, whilst managing taxes involves assembling tax records, business affairs, or papers. Each activity can be rated on a scale from '0' (no problems) to '3' (dependent).
The Neuropsychiatric Inventory Questionnaire (NPI-Q) (Kaufer et al., 2000) measured the presence and severity of 12 neuropsychiatric behaviours: delusions, hallucinations, agitation, depression, anxiety, elation, disinhibition, apathy, irritability, aberrant motor behaviour, sleep, and appetite change. Symptom severity is rated from '1' (mild) to '3' (severe).
Several neuropsychological tests were employed measuring global cognition with the Mini-Mental State Examination (MMSE; Folstein et al., 1975) , working memory with digit forward and digit backward counts, executive functioning with the Trail Making Test A and B and the Wechsler Adult Intelligence Scale (WAIS; Wechsler et al., 1997) , including verbal fluency (Animals, Vegetables), as well as language with the Boston Naming Test (Kaplan, 1983) .
The Clinical Dementia Rating (CDR) scale (Morris, 1993) was employed to measure the severity of the dementia. The CDR Global score indicated the severity level, ranging from 0 (no dementia), 0.5 (questionable), 1 (mild), 2 (moderate), to 3 (severe).
Motor functioning was assessed by systematically collected data on the presence or absence of Parkinsonian motor symptoms of changes in gait disturbance, falls, tremors, and slowness.
Data analysis
Data were analysed using SPSS Version 23. Graphpad Prism 7 software was employed for creating diagrams. For the FAQTotal score, only those cases with complete data for all 10 activities were included. Where one or more values were missing or rated as non-applicable, these cases were excluded from the total score analysis.
Frequency analysis was employed to assess the demographic characteristics of each patient group and of the total sample. ANOVAs were performed to assess any variations amongst the groups for age, years of education, FAQ scores, CDR ratings, and for the performance on cognitive tests. Chi-square tests were conducted to assess any variations amongst groups for demographics of gender, ethnicity, marital status, carer relationship, and for the presence of Parkinsonian symptoms. Bivariate correlation analyses were employed separately to assess the correlation between demographic variables, cognitive, and motor symptoms with bills (1) and with taxes (2).
Multiple linear regression analysis was employed to explore the contributions of executive functioning, memory, and motor functioning on finance management. One regression model used paying bills and one managing taxes as the continuous outcome variable, respectively, whilst also controlling for age, gender, ethnicity, and education. A priori decisions were made to include additional variables, i.e. age and ethnicity, as well as diagnosis if found non-significant in the correlation analysis. This was because diagnosis was considered important because of the variations in cognition and motor symptomatology for each diagnosis. Because the independent variable 'diagnosis' was a non-binary categorical variable of three levels, diagnosis was recoded into two binary dummy variables: 'AD diagnosis' and 'bvFTD diagnosis'. Each diagnosis is mutually exclusive, so that scoring '0' on 'AD diagnosis' and '0' on 'bvFTD diagnosis' means a diagnosis of DLB. All variables reaching p<.05 level of significance were included in the model. All independent variables entered into the regression models were checked for multi-collinearity, and variables correlating above 0.70 were excluded. Table 1 shows the demographic characteristics by dementia subtype. People with a diagnosis of bvFTD were significantly younger than those with AD or DLB, with a mean age of 63 years (+/-9). People with bvFTD or DLB were primarily male (61.8%, 75.1%), whilst people with AD were primarily female (56.5%). The majority of people with dementia were married, White Caucasian, and had an average of 14 to 15 years of education. Significantly fewer people with AD were married than those with bvFTD and DLB; those from a Black or African ethnic background were most likely to present with AD; and people with AD had significantly fewer years of education. The large majority of people with dementia had a questionable or mild stage of dementia (77.2%), according to the CDR, and fewer cases were in the advanced stages. Carers were predominantly female (66.3%-83.7%), White Caucasian, and spouses.
Results
Demographic characteristics
There were significantly more adult child carers for people with AD than for people with a diagnosis of bvFTD or DLB.
[insert here Table 1]
Cognitive and motor variations across dementia subgroups
Cognitive functioning was found to vary across dementia subtypes (Table 2) . People with AD scored significantly lower on the MMSE than those with bvFTD or DLB, which was expressed in a difference of 2 points. People with DLB scored lower on digit span backward than people with AD, indicating poorer working memory. No variations were reported for digit span forward.
For the executive functioning tests, people with bvFTD scored significantly lower than people with AD and DLB on Trail Making Test A and B, whilst people with AD performed lower than those with DLB also. On the WAIS and Boston Naming test, the same differences were observed, with people with bvFTD overall performing worse. For the fluency tests, people with bvFTD named on average fewer vegetables than those with AD, whilst no significant differences were observed for naming animals.
ANOVA with Bonferroni correction showed that people with DLB experienced significantly more symptoms of motor disturbance than those with AD and bvFTD, whilst those with bvFTD experienced more gait problems, falls, tremors, and slowness compared to people and using the stove (1.02+/-1.19) were the best maintained skills. Figure 2 shows the degree of impairment for managing bills and taxes by dementia subtype and by dementia severity, ranging from a score of 0.5 on the CDR (indicating minimal severity) to a score of 3 (indicating severe). Findings show that the more severe the dementia, the more severe the deficits when trying to manage bills and taxes, with little variation across dementia subtypes with a score of 1, 2, or 3. Only in the minimal severity stage, people with AD were significantly less impaired than people with bvFTD (p<.05) and DLB (p<.001) for bill management [F(2,2451)=13.039, p<.001]. For taxes, people with AD were significantly less impaired than people with DLB (p<.001) [F(2,2257)=8.485, p<.001].
Correlates and predictors of finance management
Those individual variables that were found to be associated significantly with bills and taxes for the entire sample in the bivariate correlation analysis were entered into the regression models. Dementia subtype was not found to be associated with performance on finance management tasks. Nevertheless, it was included in the regression model to establish whether it may still contribute to bills and taxes.
The multiple linear regression models are shown in [insert here Figure 2 and Table 3 ]
Discussion
Problems with finance management can severely impair an individual's ability to maintain control of their life, and require them to rely on family members or others to support them. This study adds further insight into the individual contributors to this IADL in dementia. Importantly, with finance management being frequently broken down into separate tasks, this is one of the first studies that has explored the contributors to separate tasks of bills and taxes, showing that both cognitive and motor functions underpin the performance of finance management subtasks.
Cognition and motor functioning taken together predicted between 11% and 14% of the total variance in bill management and tax management. In particular, this study showed that executive function and letter fluency were the largest cognitive predictors for both bill management and tax management. Letter fluency is made up of verbal ability and the executive control of vocabulary, thereby linking in with executive function (Shao et al., 2014) .
When assessing the cognitive and psychological predictors of individual FAQ items, Martyr and colleagues (2014) showed that premorbid IQ predicted tax management in 100 people with dementia, and letter fluency and immediate memory, predicted bill management, with the latter supporting the present findings of bill management. One recent study further reported how executive functioning predicted impairments in finance management across different FTD subtypes (Moheb et al., 2017) . Therefore, this study advances previous findings on finance management specific subtasks by widening the inquiry to predictors other than cognition.
In contrast to previous limited research, factors examined in the present study only predicted up to 14% of finance management skills, indicating some possible limitations in the analysis. Sherod and colleagues (2009) for example found that written arithmetic skills predicted 55% of overall finance management skills in mild AD, a variable not available from the NACC data set. Furthermore, in this study finance management was broken down into individual subtasks, each of which may contain different sets of cognitive predictors. However, Martyr and colleagues (2014) reported 21% of bill management and 8% of tax management to be predicted by different types of cognition, including memory, verbal executive functioning, and language. The higher variance for bill management may be explained by the presence of anxiety and depression measures in the regression models, with mood a significant predictor alongside letter fluency and immediate memory. Therefore, the present findings support limited previous research on finance subtasks in the area of cognition, whilst motor functioning provides further novel insights into the predictors of finance management.
Motor functioning is an important additional predictor of finance management. Due to the disease symptomatology, this symptom is specifically pronounced in the DLB cases.
Whilst all four types of motor dysfunction were correlated with bill and tax management, slowness and falls were found to predict impairment with both tasks. It is also worth noting that slowness was the most prominent motor disturbance across all three dementia subtypes, which may explain the fact that slowness was the strongest motor predictor of those reported.
In particular, slowness was more predictive of tax management skills than bill management, indicating that not only different sets of motor symptoms predict finance subtasks, something which has not previously been reported, but also that the predictive power of motor symptoms vary depending on the finance task.
The implications of better understanding what predicts difficulties in managing finances may go further than care management, and reach a social perspective. There is a clear overlap between deteriorations in financial capacity and financial exploitation (Lichtenberg, 2016) , of which older adults are particularly subjected to. Indeed, the risk of being financially exploited as an older adult increases by 69 percent when having difficulties with one or more IADL as opposed to having no difficulties (Peterson et al., 2014) . These everyday functioning deficits can be linked with cognitive changes, and in conjunction with reductions in social capacity account for increases in financial exploitation risk (Spreng et al., 2016) .
Consequently, the present findings may direct care management of finance management skills towards specific cognitive changes and motor disturbances, in order to not only maintain financial skills for longer and maintain independence, but also to potentially help protect people with dementia from the risk of being financially exploited.
Whilst this study has investigated two types of finance management (bills and taxes) and benefits from comparing the predictors of both domains, there are some domains which have not been evaluated, including basic monetary skills and bank statement management for example. These domains are outlined in the Financial Capacity Instrument, comprising a total of nine finance domains (Griffith et al., 2003; Marson et al., 2000) . Considering this clear distinction of finance skills into domains, it may be important to investigate the predictors of each domain separately in future research. Whilst each of these domains will be intercorrelated, because they are all finance management skills, basic monetary skills may rely on different cognitive, motor, or other factors compared to bill management.
Conclusions
This study adds novel insights into some of the predictors of individual finance management subtasks (managing bills and taxes). Findings suggest that a large proportion of finance management abilities remain unexplained by cognition and motor functioning, suggesting future research should focus on other potential contributors such as depression, apathy, and environmental factors. Considering the close link between finance management problems and financial exploitation, and the vulnerability of people with dementia to the latter, improved knowledge of the contributors of managing bills and taxes may help in safeguarding vulnerable older adults from financial harm. 
Figure 1. Flowchart of case selection for analysis
